pogenic climate changes. A review of previous investi-
gations is given in a separate section.
Numerical models can partially fill the gap caused by the lack of observations, and give estimates of the modified role of sea ice under changing climatic conditions. The focus of this paper is to present the results of a large-scale numerical simulation of sea ice in the northern hemisphere with respect to sea ice transports, associated net freezing rates, and fluxes of freshwater and negative latent heat.
The natural variability of ice exports caused by interannual variations of the wind field is analyzed with a dynamic-thermodynamic sea ice model. Additionally, sensitivity studies for 33 situations are carried out to investigate the response of the simulated ice transports to changes of the atmospheric forcing. Wind speed, ocean current, air temperature, and precipitation rate are systematically varied over a wide range covering the expected spectrum on climatological timescales.
Model Description

Sea Ice Physics
The dynamic-thermodynamic model considers sea ice a two-dimensional continuum described by the mean ice thickness (ice volume per area) h, the ice concentration 5595 (areal coverage) A, and the ice drift velocity u. It is based on the viscous-plastic model of ttibler [1979] The sink term for the snow is the same energy balance at the upper surface of the ice floe as used for the mean ice thickness h, except that the albedo takes a different value. It is assumed that the snow cover on an ice floe must totally melt before the ice starts to melt. That is, when the energy budget yields a surplus (caused by high solar radiation and warm air temperatures in summer), this excess energy reduces the snow cover, whereas the ice thickness is not yet affected. Once the snow has vanished, the excess energy melts the ice, that is, decreases the mean ice thickness h. where ra and •'w are the atmospheric and oceanic drags, -rafkx u is the Coriolis force depending on the ice mass per area ra and the Coriolis parameter f, F represents the internal forces of the ice, and -ragVH is the force due to the tilt of the ocean surface H, proportional to the gravitational constant g. A viscous-plastic rheology with an elliptical yield curve according to Hibler [1979] describes the internal forces F as the divergence of the stress tensor. Atmospheric drag is given as according to boundary layer theory [e.g., McPhee, 1979 
The ice drift velocity u is determined
Standard Simulation
In this section the simulation results regarding ice thickness, snow thickness, ice drift, and net freezing rate are presented.
The standard simulation integrates the model equations for 21 years, using three cycles of the 7-year forcing data from 1986-1992. Starting with an ice-free ocea. n, the model runs 14 spin-up years to reach a cyclostationary state, then another 7 years to obtain the simulation results. Only the last 7-year period, which does not significantly depend on the initial conditions, is considered here. Interestingly, a dip related to sea ice rheology occurs in January and February. In the midst of winter, the sea ice becomes thick and very compact. This increases the internal forces associated with ice deformation, which tend to reduce the ice velocity and thus the ice outflow.
At the beginning and the end of the winter, when the ice is less compact, outflow is possible with less resistance.
The Z-year mean ice volume export, that is, the annual average of the mean seasonal cycle of Figure 8 The proportionaltry between ice export and wind speed is valid for a wide range of wind speed variations. It is only for small wind speeds that the linear relation no longer accurately applies. When the wind is very weak, the wind-driven forcing can no longer overcome the resistance of the ice cover to deformation. In this case, the ice drift is dominated by ocean currents.
The (annual mean) ocean drag is generally too weak to break up a compact ice cover, and thus is only active when the ice compactness is reduced and internal forces are small. When there is no wind at all and the ocean current is the only driving force, Figure 11 gives an ice export of 0.004 Sv, only about 5% of the However, the effect of varied precipitation is relatively small. Without any precipitation, the sea ice export is increased by 9% compared with the standard simulation. Similarly, the ice export is decreased by the same amount of 9% when the precipitation is increased to twice the standard value. Thus, the model predicts that changes in precipitation rates cause only minor modifications of sea ice transports. Regarding the representation of sea ice in climate models, only models including sea ice dynamics are capable of representing the large fluxes of freshwater and latent heat associated with sea ice drift. The simulations show that the magnitude of these transports is of considerable importance in driving the global climate system, and that changes in other components of the climate system cause considerable responses of the cryosphere. Thus, realistic climate simulations require a representation of both the dynamics and the thermodynamics of sea ice.
Comparison With Other Simulations and Observations
Several authors estimated the ice transport through
